Dental implants are a successful treatment modality for missing teeth; however, failures do occur. These failures can occur early in the healing process after primary stability has been achieved at the time of implant placement, or after initial bone remodeling and new bone growth have taken place. The ability to detect implants that are failing or will fail is still not possible. The aim of the present study is to see if correlations exist between RFA values and histologic and histochemical evaluation of the human retrieved implants for failure. In a 5 year period, 37 root form implants were retrieved because of mobility and underwent histological examination. Thin ground sections were obtained from each implant. All the implants had been removed with a 5 mm trephine. In all cases a peri-implant radiolucency was present. Before implant retrieval, the implant stability was evaluated with Osstell" (Integration Diagnostics AB, Gothenburg, Sweden). All the implants were not osseointegrated clinically and mobility was present. Radiographically, bone loss was observed around the implants and the mean ISQ values was 37 (+/-2.7). A scarce inflammatory cell infiltrate was present in the connective tissue of some specimens. In about 10% of specimens, the epithelium tended to surround the total perimeter of the implant. These data suggest that implants with an ISQ <40 are irretrievably lost and there is no possibility to save them. A statistically significant correlation was found between an ISQ<36 and irretrievably failed implants.
Resonance frequency analysis (RFA) provides a non-to improve the quality of the materials, and the surgical invasive assessment of implant stability. The established and prosthetic techniques. Albrektsson et al (5) described RFAdevice uses electronic technology, whereas a recently the criteria necessary for implant success: Dental implants' developed device uses magnetic technology. Resonance should not be mobile, and radiographs of implants frequency analysis (RFA) has been established as a non-should not demonstrate any evidence of peri-implant invasive and non-destructive quantitative measurement radiolucencies. Bone loss should not exceed 0.2 mm of implant integration by assessing changes in implant annually after the first year, and there should be an absence stability over time (1). The RFA reported reproducibility of pain, infection, paresthesia, and other implant-related has encouraged use of this device in the evaluation of neuropathies. Multiple factors can contribute to implant osseointegrated intraoral implants. Several recent studies failure, and a cause and effect relationship between the have used the RFA method in mobility assessment of accumulation of bacterial plaque and development of dental implants using magnetic frequencies between the peri-implant mucositis has been demonstrated (6) . The transducer (magnetic peg) and the resonance frequency inflammatory process that is confined to the soft tissues analyzer. In the electronic device, the transducer is surrounding the implant is termed peri-implant mucositis, an L-shaped cantilever beam, which connects to the while the presence of progressive peri-implant bone loss implant via a screw attachment. A piezoelectric crystal occurring together with a soft tissue inflammation around on the vertical portion of the L-shaped beam is used a functioning osseointegrated implant is defined as perito stimulate the implant/transducer complex; a second implantitis. The final event of peri-implantitis, i.e. the lack piezoelectric crystal on the opposite side of the beam is of osseointegration, is characterized by implant mobility used as the receiving element to detect the response of (7) . Mobility is the cardinal sign of implant failure, the beam. The results are expressed as an implant stability and it indicates the final stage of peri-implant disease, quotient (ISQ), which represents a standardized unit of characterized by a complete loss of the direct bone to . stability (2) (3) . Implant failures are fortunately rare, but implant interface (8) . The aim of the present study was they do occur. It is important to try to understand the to evaluate the correlations existing between RFA values etiopathogenesis of these failures in order to minimize and the histologic and histochemical evaluation of human them (4). Moreover, from this knowledge we can hope retrieved implants for mobility.
MATERIALS AND METHODS
We retrieved from the files of the Implant Retrieval Center of the Dental School ofthe University ofChieti-Pescara, Italy (years 2001-2006), 37 implants (36 titanium and I hydroxyapatitecoated) that had been removed because of mobility in 31 patients. All these implants had been sent to our Center. All the implants had been loaded. Primary implant stability, determined clinically, had to be obtained to include the implant in the study. Exclusion criteria included conditions requiring chronic routine prophylactic use of antibiotics (e.g. history of rheumatic heart disease, bacterial endocarditis, cardiac valvular anomalies, or prosthetic joint replacements); medical conditions requiring prolonged use of steroids; history of leukocyte dysfunction and deficiencies, bleeding disorders, neoplastic disease requiring the use of radiation or chemotherapy, renal failure, or uncontrolled endocrine disorders; metabolic bone disorders; physical handicaps that would interfere with the ability to perform adequate oral hygiene; smoking > I0 cigarettes per day; and implant sites requiring an augmentation procedure.
The success criteria proposed by Buser et al. (9) were followed: absence of persistent or irreversible signs, such as pain, foreign body sensation, and/or dysesthesia; absence of peri-implant infection with suppuration; absence of mobility when tested with instrument pressure; and no evidence of continuous periapical radiolucency. In all cases of implant failure the following signs and symptoms were present: I) radiologic evidence of bone resorption; 2) presence of a peri-implant pocket of more than 5 mm; 3) bleeding on probing; 4) suppuration; 5) swelling of tissues. Radiographic and clinical signs of osseointegration were not present in all implants.
All the implants had been removed with a 5 mm trephine. The mean time of retrieval after implant insertion was 27 months. Before implant retrieval, the implant stability was evaluated with OsstellTM (Integration Diagnostics AB, Gothenburg, Sweden); measurements were taken three times and averaged to obtain a single representative ISQ for each implant. The transducer had a perpendicular orientation to the alveolar crest and its upright beam was placed on the palatal side.
Specimen processing. Implants and surrounding tissues had been washed in saline solution and immediately fixed in 4% paraformaldehyde and 0.1% glutaraldehyde in 0.15 M cacodylate buffer al 4 C and pH 7.4, to be processed for histology. The specimens were processed to obtain thin ground sections with the Precise 1Automated System (Assing, Rome, Italy) (10). The specimens were dehydrated in an ascending series of alcohol rinses and embedded in a glycolmethacrylate resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany). After polymerization the specimens were sectioned, along their longitudinal axis, with a high-precision diamond disc at about 150 microns and ground down to about 30 microns with a specially designed grinding machine. A total of 3 slides was obtained for each implant. The slides were stained with acid fuchsin and toluidine blue. The slides were observed in normal transmitted light under a Leitz Laborlux microscope (Leitz, Wetzlar, Germany). The histochemical analysis was done according to a previously published protocol (II).
Histomorphometry. Histomorphometry of bone-implant contact percentage was carried out using a light microscope (Laborlux S, Leitz, Wetzlar, Germany) connected to a high resolution video camera (3CCD, JVC KY-F55B, JVC®, Yokohama, Japan) and interfaced to a monitor and PC (Intel Pentium III 1200 MMX, Intel®, Santa Clara, CA, USA). This optical system was associated with a digitizing pad (Matrix Vision GmbH, Oppenweiler, Germany) and a histometry software package with image capturing capabilities (Image-Pro Plus 4.5, Media Cybernetics Inc., Immagini & Computer Snc Milano, Italy). Statistical analysis. The means of ISQ values and presence or absence of bone implant contact (BIC) of these implants were compared by the chi-Quadrato test at 95% confidence level, in order to determine whether a statistically significant correlation could be established between RFA and histologic and histochemical evaluation of the tissues around the implants.
RESULTS
All the implants were clinically not osseointegrated and mobility was present in all cases before retrieval. Radiographically, bone loss was observed around the implants (Fig. I) . Histologically, no bone was present in close contact to implant and the mean ISQ value was 37 (+/-2.7).
In the most coronal portion of the implants it was possible to observe a complete absence of bacteria (Fig.  2) . In all specimens between implants and surrounding bone, there was the presence of a 500-100 urn thick connective tissue (Fig. 2) . This connective tissue was dense with few cells, and only in about 10% of cases a scarce inflammatory cell infiltrate was present, in many portions of the interface it was possible to observe a demineralization of the bone. Von Kossa staining showed that the remaining bone was highly mineralized. The histochemical staining for the acid phosphatases (ACP) showed that there was a significant increase of the ACP positive cells all around the implant (Fig. 3) . The positive ACP positive were present in the bone around implant. The percentage of bone implant contact is O.
Statistical evaluation. A statistically significant correlation could be detected between ISQ and absence of bone in contact of implant, and presence of soft tissues in contact of implant (P= 0.0018).
DISCUSSION
Determination of implant stability before loading is particularly challenging in oral implants, since it is not possible to evaluate changes in bone structure through radiographic images. In addition, the presence of a cervical flange around the oral implant prevents probing of the cervical region. Apart from an assessment of any pain or discomfort, the clinician has no parameters to evaluate osseo integration of implant mobility.
Tooth-mobility indexes and assessment techniques have been used to evaluate implant mobility. There have been two main drawbacks: many clinical indexes are 2 . The bone at a distance from the implant is compact, highly mineralized, and well structured with few areas ofremodeling. Acidfuchsin-toluidine 50 X purely subjective and lack accuracy, and many accurate instruments are designed for research purposes and are not practical for clinical use. The reported reproducibility of the Resonance Frequency Analysis (RFA) has encouraged use of this technique in the evaluation of dental implants. Several recent studies have used the RFA in The assessment of mobility of dental implants. It has been suggested that the Implant Stability Quotient (ISQ) of an oral implant obtained with, RFA is an objective measurement of oral endosseous implant and is a important parameter for immediate loading procedure (12) . Scarano et al (13) studied the correlation of ISQ and bone implant contact. It was found that immediately after connecting abutments, to high values of ISQ, there were corresponding elevated Fig. 3 . The osteoclast is positive for acid phosphatase near implant surface are present. Acid phosphatase counterstained with von Kossa J00 X values of me. In a study, RFA measurements showed a mean value of 68 ISQ, indicating that high primary stability was achieved (14) . Subsequently, it was shown that the mean stability decreased to 60 ISQ in the first two months after implant insertion. This initial decrease is probably related to bone relaxation following compression, biologic changes associated with early bone healing, and start of the marginal crestal bone resorption (14) . After a stabilization period, RFA started to increase again reaching, at 12 months post-insertion, a mean ISQ value. comparable to the mean ISQ values observed at implant placement (15). This increase in stability is most likely due to bone formation/remodelling and an increased stiffness ofthe bone (16) . On the contrary, failing implants showed a decreased stability until eventual loss of the implant (23). Acut-offISQ value for implant stability has been proposed at 47, meaning that an implant displaying an ISQ?: 47 should be considered as a stable implant. ISQ values for successfully osseointegrated implants have been reported to vary from 57 to 82 ISQ, with a mean of 69 ISQ after I year of loading (17) .
RFA is then believed to be a potential useful clinical tool for the prevention, diagnosis and prediction of implant failure and is helpful in the maintenance of viable implants (18) . Moreover, implants with a high primary stability might be loaded earlier than implants with a lower ISQ (15). Our histological results are consistent with the hypothesis that late failures of osseointegrated implants can be caused by a combination of poor bone quality, mechanical trauma to the bone and overloading forces. These data suggest that implants with an ISQ <40 they are irretrievably lost with no possibility of saving them, while implants with an ISQ <56 may require longer healing periods prior to manipulation (19) . Although this finding is based on a very small number ofimplants, it is in accordance with a previous publication (20). These results agree with the findings of other investigators who found RFA unable to identify mobile implants with accuracy.
